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The threat of antimicrobial resistance is paramount in the area 
of infectious diseases due to its rapid spread on a global scale. 
The occurrence of multidrug-resistant micro-organisms in 
hospitals is linked to an increased risk of patient morbidity and 
mortality, and longer hospital stays.[1] The continuing emergence of 
antimicrobial-resistant bacteria resulting from the misuse and abuse 
of antimicrobials has become a major public health problem, with 
>1 of 3 antimicrobial prescriptions in the emergency department 
being inappropriate.[2,3] Without co-ordinated and immediate action 
on a global scale, the world is moving towards a post-antibiotic era in 
which common infections could once again kill.[4] 
The profuse use of broad-spectrum antimicrobials is influenced 
by the lack of timely detection of causative micro-organisms and 
their antimicrobial susceptibility patterns. This use has caused 
rapid increases in emerging bacterial resistance.[5] Antimicrobial 
de-escalation, which refers to narrowing of the antimicrobial 
spectrum based on sensitivity of the pathogen, is a commonly 
accepted management strategy in critically ill patients.[6] The 
antimicrobial spectrum should be narrowed as soon as possible, 
based on the clinical condition of the patient, the pathogen identified 
and the sensitivity profile obtained from the antibiogram. When 
no evidence of bacterial infection is present, antimicrobial therapy 
should be suspended.[7] However, de-escalation has not been 
widely adopted, which could be due to the doctor’s hesitancy to 
change an antimicrobial that has demonstrated effectiveness, an 
inadequate understanding of how to de-escalate appropriately, lack 
of microbiological data, and different opinions about the safety and 
usefulness of de-escalation.[6]
Antimicrobial surgical prophylaxis forms part of a collection of 
processes that aim to decrease the incidence of surgical site infections 
(SSIs). One of the fundamental goals of surgical prophylaxis is to 
reduce the bacterial load in the wound, thus assisting the natural 
defences of the host to prevent the occurrence of infection.[8] The 
World Health Organization (WHO) has developed a surgical safety 
checklist intended to improve the safety of patients undergoing 
surgical procedures, as safety measures are often not appropriately 
applied.[9] The suitable use of surgical prophylaxis can significantly 
decrease the rate of SSIs by up to 50%.[9] Evidence-based guidelines 
can be followed to prevent SSIs, while also avoiding the emergence of 
antimicrobial resistance. Research has shown that better compliance 
with guidelines for antimicrobial surgical prophylaxis is required.[10] 
In 2015, South Africa (SA) responded to the WHO’s request to 
raise awareness regarding the preservation of antimicrobials through 
appropriate and rational use by implementing World Antibiotic 
Awareness Week initiatives.[11] The development of the Standard 
Treatment Guidelines (STG) and Essential Medicines List (EML) for 
South Africa – Hospital Level Adults, 2015 edition,[12] forms part of 
a plan to minimise the unnecessary prescription of antimicrobials 
in the public sector. In the private sector, formularies are developed 
according to hospital management or hospital group protocols; 
however, antimicrobial prescribing is rarely standardised in practice. 
The use of formularies can be used to regulate the choice of 
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antimicrobials, thereby reducing expenses to the patient, the hospital 
and the government.[13] Antimicrobial prescription practices can only 
be improved when there is evidence that there are deficiencies in 
practices. Therefore, the objectives of this study were to investigate the 
appropriateness of antimicrobial prescribing in terms of dose, duration 
and frequency; to determine whether antimicrobial prescribing is 
adjusted based on microscopy, culture and sensitivity results; and to 
assess the appropriateness of antimicrobials used for surgical prophylaxis.
Methods
Study setting
The study was conducted at a private hospital in Durban, KwaZulu-
Natal, SA. The hospital provides 215 beds and serves a middle-
income population.
Study population and sample frame
Patients admitted to the surgical and medical wards over a 2-month 
period in 2019, and who were prescribed an antimicrobial during 
their admission, were considered for inclusion in this study. Each 
ward is a 27-bed unit. The surgical ward includes the following: 
general surgery, plastic surgery, urology and orthopaedic surgery 
patients, and some patients in other disciplines. 
Patients who were prescribed antimicrobials for tuberculosis or 
for the eradication of  Helicobacter pylori  were excluded. Antivirals 
were excluded, with the exception of oseltamivir, as the patient 
sample was taken during the influenza season. Patients <18 years of 
age, patients with incomplete or missing data and those who were 
admitted for gynaecological conditions were also excluded. Only the 
first admission was included for patients who were readmitted during 
the study period. 
Sample size
Approximately 150 - 170 patients are admitted to the surgical and 
medical wards per month. Based on previous admissions, 40 - 65% 
of patients are prescribed an antimicrobial per month. A sample 
size of 385 was estimated to be effective for this study. This sample 
size produces a two-sided 95% confidence interval (CI), with a 
precision of ~7.5%, where variability is unknown. The calculation 
is based on normal distribution and the assumption that there 
would be >30 patients.
Study design
This was an observational, analytical cross-sectional study. 
Data collection and analysis
Electronic patient records were used to collect clinical and patient 
data, such as age and gender. The clinical variables included 
diagnosis, whether a patient had a comorbidity, length of hospital 
stay, ward type (surgical or medical) and discipline. The variables 
that were related to antimicrobial prescription included antimicrobial 
choice, route of administration, dose and duration, and microscopy, 
culture and sensitivity test results. The infection markers assessed 
were procalcitonin (PCT), C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR) and white cell count (WCC). All patient 
data were anonymised and no patient identifiers were collected.
A distinction was made between patients who were prescribed 
antimicrobials for prophylaxis and those who were prescribed 
antimicrobials as treatment for an infection. In terms of therapeutic 
use, antimicrobials were further classified as empirical or targeted. 
An antimicrobial was classified as targeted if it was prescribed 
according to antibiogram results. Antimicrobials were classified as 
prophylactic if the patient records reflected that the antimicrobial was 
used for prophylaxis or if it was administered 1 hour prior to the start 
of a surgical procedure. 
Antimicrobial prescriptions were assessed according to drug 
choice, dose and duration to ascertain if these complied with the STG 
and EML,[12] the South African Medicines Formulary[14] and the South 
African Antibiotic Stewardship Programme guidelines (a pocket 
guide to antibiotic prescribing for adults in South Africa, 2014).[15] 
The antimicrobials that were prescribed for surgical prophylaxis were 
assessed according to the surgical prophylaxis guidelines adopted by 
the hospital group where the research was conducted. Antimicrobial 
therapy was classified as appropriate if the drug choice, dose and 
duration were consistent with the guidelines. The assessment of 
appropriateness was performed by the senior pharmacist. Any 
inconsistencies between the guidelines were discussed with the 
hospital clinical practice pharmacist to reach consensus. There were 
no queries that required further input from a clinician. 
Quantitative data were summarised using the mean and 
standard deviation (SD). Categorical variables were presented using 
proportions. The odds ratio (OR) was calculated to assess associations 
between length of hospital stay and the presence of microscopy, 
culture and sensitivity testing. The χ2 test was used to assess for 
significance of associations between categorical variables, and the 
Kruskal-Wallis test to determine differences between ≥3 groups. A 
p-value of <0.05 was considered statistically significant.
Ethical considerations
Gate-keeper permission was obtained from the hospital manager and 
pharmacy manager at the facility. Permission was also obtained from 
the Health Research Ethics Committee of the hospital group. Ethical 
approval for the study was granted by the Biomedical Research Ethics 
Committee, University of KwaZulu-Natal (ref. no. BE457/19).
Results
A total of 1 051 patients were admitted over the 2-month period, of 
whom 601 (57.2%) were prescribed antimicrobials. After applying the 
exclusion criteria, 466 patients were included in the study, of whom 
246 (52.8%) were from the medical wards and 220 (47.2%) from the 
surgical ward.
Profile of patients
Just over half of the study population (n=253; 54.3%) were female 
patients (Table 1). Of the 246 patients admitted to the medical 
wards, there were more female (n=154; 62.6%) than male patients. 
The converse was seen in the surgical ward, where only 99 of 
220 patients (45%) were female (p<0.001). Overall, the mean age of 
female patients was 51.8 (SD 16.6) years and the mean age of males 
was 52.8 (17.3) years (p=0.56). In the medical wards, the mean age 
for females was 53.2 (15.4) years compared with 50.0 (17.6) years for 
males (p=0.14). In the surgical ward, the mean age for females was 
49.8 (16.8) years compared with 54.8 (16.7) years for males (p=0.03).
Infection markers were requested for 278 (59.7%) patients, of 
whom 127 (45.7%) were from the medical wards. More than half 
of these patients (n=162; 58.3%) had elevated infection markers. 
A comorbidity was recorded in 276 patients (59.2%). The median 
length of stay was 4 (range 1 - 41) days. More than a third of patients 
(n=160; 34.3%) had a length of stay >4 days. 
Antimicrobial prescribing
A total of 779 antimicrobials were prescribed over the 2-month 
period, of which 660 (84.7%) were prescribed empirically, 81 (10.4%) 
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were prescribed for surgical prophylaxis and 38 (4.9%) were targeted. 
More than half of the antimicrobials (n=422; 54.2%) were prescribed 
in the medical wards ‒ the antimicrobial most frequently prescribed 
in these wards was amoxicillin/clavulanic acid (n=80; 19%). In the 
surgical ward, the antimicrobial most frequently prescribed was 
cefuroxime (n=75; 21%). Just less than a third of the antimicrobials 
were prescribed by a physician (n=142; 30.8%) and 92 (19.7%) by a 
general practitioner (Table 2). Among all patients, the most common 
antimicrobials empirically prescribed were amoxicillin/clavulanic 
acid (n=126; 19%), ceftriaxone (n=106; 16%) and cefuroxime (n=82; 
12.4%). The most common antimicrobials prescribed for surgical 
prophylaxis were amoxicillin/clavulanic acid (n=21; 25.9%), cefazolin 
(n=17; 21%) and cefuroxime (n=13; 16%). Of the 71 patients who 
were prescribed oseltamivir, only 27 were tested for the influenza 
virus, of whom 11 tested positive for a strain of influenza.
Appropriateness of antimicrobial prescribing 
Of a total of 779 antimicrobials prescribed, 407 (52.3%) met the 
criteria for appropriate drug choice, 734 (94%) were prescribed 
using the appropriate dose and 560 (71.9%) were prescribed using 
the appropriate duration. There was no significant difference in the 
appropriateness of antimicrobial prescribing between the surgical 
and medical wards (p=0.5) (Fig. 1). Of the 81 antimicrobials 
prescribed for surgical prophylaxis, 42 (51.9%) met the criteria for 
appropriate drug choice, 77 (95%) were prescribed at the correct dose 
and 45 (55.6%) were prescribed for the correct duration. Overall, 32 
(39.5%) of these antimicrobials met the criteria for appropriateness in 
terms of drug choice, dose and duration.
De-escalation
Microscopy, culture and sensitivity tests were ordered for 159 (34.1%) 
patients; a pathogen was cultured from 77 (48.4%). Of these 77 patients, 
only 28 (36.4%) were de-escalated appropriately. Patients with 
a length of stay >4 days were significantly more likely to have a 
microscopy, culture and sensitivity test done than those with a length 
of stay of 1 - 2 days (OR 2.4; p<0.05) or 3 - 4 days (OR 1.8; p<0.05). 
Discussion 
This is the first reported study of antimicrobial prescribing in the 
surgical and medical wards at a private hospital in KwaZulu-Natal. 
More than half of the patients in this study were prescribed an 
antimicrobial during their hospital stay. While there are no published 
reports with which to compare our findings, the antimicrobial 
prescribing in this study is lower than the 61% reported in an intensive 
care unit (ICU) setting in a hospital in the private sector in SA.[16] In 
our study, 94% of antimicrobials were prescribed using the appropriate 
dose. This is similar to findings from the aforementioned study, where 
91% of antimicrobials were prescribed using the appropriate dose.[16] 
An alarming 52.6% of antimicrobials were inappropriately 
prescribed according to drug choice, dose and duration. A study 
conducted in 8 primary care facilities in the Cape Town Metro 
District also showed that non-adherence to national guidelines 
was 54.9%.[17] The guideline used was the STG and EML ‒ Primary 
Health Care Level, 2014 edition. The most common reason for non-
Table 1. Profile of patients in the surgical and medical wards 
at a private hospital in KwaZulu-Natal, 2019
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adherence in this study was because a diagnosis was not specified in 
the medical records. In our study, all the relevant information was 
collected electronically and the diagnosis was always noted, as it is a 
requirement that the ICD-10 coding system is used for all patients. In 
an Australian study that evaluated the appropriateness of antimicrobial 
prescribing in private hospitals, it was found that 48% of antimicrobials 
were inappropriate.[18] The proportion of inappropriately prescribed 
antimicrobials in our study is also similar to previous studies conducted 
in Turkey (47%) and Namibia (38%).[19,20] In the current study, 52.3% 
of antimicrobials met the criteria for appropriate drug choice. This 
is lower than the results from the WHO pilot study in Brits, North 
West Province, where 67% of 2 370 prescriptions complied with 
STG and EML guidelines for appropriate drug choice.[21] This pilot 
study was conducted in the public sector; therefore, the difference 
in appropriateness of drug choice could be due to the private sector 
having an array of antimicrobials to choose from, with poor adherence 
to formularies.
Microscopy, culture and sensitivity tests were done for 34% of 
patients in our study, and only 36% of those who had a pathogen 
cultured were de-escalated appropriately. In an SA study, commonly 
known as the Prevalence of Infection in SA (PISA) intensive care unit 
study, de-escalation was practised in 33.3% and 19.7% of public and 
private sector patients, respectively.[22] The difference in proportion 
between the public and private sector can be attributed to the 
presence of ‘open’ ICUs in the private sector, where each patient is 
managed by the admitting doctor, who may prescribe antimicrobials 
indiscriminately, often without appropriate knowledge of the 
epidemiology of the unit.[22] In a study conducted in a private hospital 
in SA in 2015, de-escalation was noted in only 13.1% of patients in the 
ICU.[16] In our study, the higher proportion of patients in whom the 
antimicrobial was de-escalated compared with patients in other private 
hospitals in SA, may be due to the incorporation of a regional clinical 
pharmacist to guide the antimicrobial stewardship programme at our 
hospital. Since the aforementioned study was conducted in 2015, it 
is possible that de-escalation in the private sector has improved as 
antimicrobial stewardship efforts have developed over the last few 
years. Further studies in the private sector are required to determine 
if this is indeed the case. In a study that measured de-escalation in 
a private acute care hospital in North Carolina, USA, antimicrobial 
regimens were de-escalated in 63% of patients.[23] This high proportion 
may be attributed to the establishment of antimicrobial stewardship 
programmes at the hospital more than a decade before the study was 
conducted. In contrast, the antimicrobial stewardship programme 
in our study setting was established 5 years ago and is still facing 
challenges. Antimicrobial stewardship meetings are meant to be 
held quarterly, with representation from at least one doctor. It is also 
preferable for a microbiologist to attend these meetings; however, the 
attendance of doctors and microbiologists is a rare occurrence.
We found that <40% of the antimicrobials prescribed for surgical 
prophylaxis met the criteria for appropriateness in terms of drug 
choice, dose and duration. In a systematic review of 18 studies that 
evaluated the adherence to guidelines for antimicrobial surgical 
prophylaxis, substantial differences were observed in all the outcomes 
that were assessed.[10] These outcomes included administration of an 
antimicrobial at the correct time (12.7 - 100%), correct antimicrobial 
choice (22 - 95%) and adequate antimicrobial prophylaxis (0.3 - 
84.5%).[10] The findings from the systematic review and our study 
indicate that greater adherence to guidelines for surgical prophylaxis 
is necessary. The dose was correct in 95% of the antimicrobials 
prescribed for surgical prophylaxis, indicative that the drug choice 
and the duration contributed to the overall high level of inappropriate 
prescribing. In our study setting, surgical prophylaxis is monitored 
and audited regularly and doctors should be contacted when patients 
are maintained on antimicrobial prophylaxis for a prolonged period. 
The inappropriate duration of antimicrobials prescribed for surgical 
prophylaxis is due to doctors not discontinuing the antimicrobial 
timeously. The hospital hosts an ageing population of doctors and 
it is plausible that there is reluctance to change prescribing habits. 
Factors such as age, gender, educational status, specialty and work 
experience have been noted to influence doctors’ prescription patterns.[24] 
In a study that investigated prescription patterns in Chinese county 
hospitals, it was found that doctors <45 years of age prescribed fewer 
antimicrobials than those >45 years old.[24] In a study in Ethiopia, 76% 
of antimicrobials prescribed for surgical prophylaxis were administered 
for >24 hours, only 10.6% of the drug choices complied with the 
American Society of Health-System Pharmacists guideline and none 
of the selections complied with the national standard treatment 
guidelines of the country.[25] The failure to comply with the guidelines 
is the result of prolonged surgical prophylaxis administration beyond 
the recommended timeframe. Although the guidelines state that 
administration of the antimicrobial used for surgical prophylaxis 
should be stopped within 24 hours, 44.4% of the antimicrobials were 
administered for up to 5 days.[25] A study in Johannesburg that assessed 
anaesthetists’ knowledge of surgical prophylaxis found that overall 
knowledge was poor, with few anaesthetists reporting to follow any 
guideline.[26] The mean knowledge score was 56.2%, and only 36.3% 
of participants were aware that most guidelines state that prophylaxis 
should be continued only for the duration of the surgery.[26]
In a study to describe SA prescribers’ knowledge of, attitudes 
to and perceptions of antimicrobial resistance, it was found that 
prescribers of antimicrobials in the private sector in SA felt pressure 
from patients to prescribe antimicrobials, even though they are 
conscious of the problem of antimicrobial resistance.[27] This factor 
may contribute to the high proportion (52.6%) of antimicrobials 
that were inappropriately prescribed in our study. In a review of 
33 studies, the factors that influenced the prescribing decisions of 
physicians were evaluated, and many factors related to the working 
and external environment were identified. These included physicians’ 
personal attributes, cost of the medicine and marketing and promotion 
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Fig. 1. Appropriateness of antimicrobial prescribing in the surgical and 
medical wards at a private hospital in KwaZulu-Natal, Durban, South 
Africa, 2019.
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prescribing is not always purely for the benefit of the patient, but can 
also be guided by individual interest. The use of suitable and reliable 
practice guidelines could decrease the harmful impact of certain factors 
and endorse rational prescribing. [28]
Our study was conducted in only one private hospital, which 
limited the generalisability of the findings. However, in the private 
sector in SA, doctors often admit and manage patients at more than 
one hospital; therefore, our findings are likely to reflect the practices 
at other hospitals in the private sector, particularly in Durban. 
Data were collected retrospectively using an electronic surveillance 
program; therefore, clinical data such as the patient’s temperature and 
radiological findings could not be assessed. It was only noted whether a 
patient had a comorbidity – the type of comorbidity was not recorded. 
It is possible that the presence of comorbidities may have affected 
the choice, dose and duration of the antimicrobial. Furthermore, the 
assessment of infection markers was based only on whether the patient 
had a raised PCT, CRP, ESR or WCC, with no alignment of the patient’s 
clinical condition. The appropriateness of antimicrobial selection was 
based on the assumption that the electronically recorded diagnosis was 
accurate. A prospective study with the collection of more clinical data 
and inclusion of clinicians may provide better insight regarding reasons 
for antimicrobial choices, doses and duration.
Conclusions
Our findings suggest that compliance with evidence-based guidelines 
for the use of antimicrobials is not optimal in hospitals in the private 
sector. Antimicrobials are prescribed inappropriately for empirical 
treatment and for surgical prophylaxis. There is an urgent need 
to cascade antimicrobial prescribing guidelines using innovative 
educational strategies to target all prescribing doctors working in 
the private sector. Private hospital groups should consider adopting 
antimicrobial prescribing guidelines that are mandatory for doctors 
to adhere to. Doctors should be informed of the antimicrobial 
and surgical prophylaxis prescribing guidelines when applying 
to work at a private hospital, and sign an agreement to adhere 
to these guidelines. Restrictions on the empirical use of certain 
antimicrobials, and regular audits of antimicrobial prescribing with 
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